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Abstract
This study evaluated the predictive value of serum HBV DNA, HBV RNA, HBcrAg, 
HBsAg, intrahepatic HBV DNA and cccDNA for HBeAg clearance and seroconver-
sion during long-term treatment with nucleos(t)ide analogues (NAs) in patients with 
chronic hepatitis B (CHB). A single centre, prospective cohort of CHB patients was 
used for this study. Serum HBV RNA levels were retrospectively measured at base-
line, 6, 12, 24, 36, 48, 60, 72 and 84 months post-NAs treatment. Serum HBsAg and 
HBcrAg levels were quantified at baseline, month 6, 60 and 72. Histological sam-
ples from liver biopsy at baseline and month 60 were analysed for intrahepatic HBV 
DNA and cccDNA. Eighty-three HBeAg-positive patients were enrolled with a me-
dian follow-up time of 108  months (range 18–138  months). Of them, 53 (63.86%) 
patients achieved HBeAg clearance, and 37 (44.58%) achieved HBeAg seroconver-
sion. Cox multivariate analysis showed that only baseline HBV RNA was indepen-
dently associated with HBeAg clearance and seroconversion (<5.45 log10copies/mL, 
HR = 5.06, 95% CI: 1.87–13.71, p =  .001; HR = 3.38, 95% CI: 1.28–8.91, p =  .01). 
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1  |  INTRODUC TION

Hepatitis B virus (HBV) infection has been a global public health 
challenge.1 Nucleos(t)ide analogues (NAs), which suppresses HBV 
DNA replication via inhibiting the reverse transcription of prege-
nomic RNA (pgRNA) into HBV DNA, are considered the first-line 
treatment option. However, NAs fails to clear the HBV covalently 
closed circular DNA (cccDNA) and RNA replication intermediates.2 
Thus, long-term and even indefinite NAs treatment is needed for 
sustained viral suppression in chronic hepatitis B (CHB) patients. 
The ideal anti-HBV treatment endpoint, namely functional cure is 
serum hepatitis B surface antigen (HBsAg) clearance.2 For hepa-
titis B e antigen (HBeAg)-positive CHB patients, the realistic goal 
is to attain HBeAg clearance and further achieve seroconversion, 
which reflect partial immune control and a pre-requisite for the 
ideal treatment endpoint.2 Therefore, biomarkers that potentially 
predict the possibility of HBeAg clearance and seroconversion 
during long-term NAs treatment may be useful in clinical practice.

Viral markers including serum HBV DNA, HBV RNA, hepatitis 
B core-related antigen (HBcrAg) and quantitative HBsAg are cur-
rently used to predict therapeutic response for CHB patients un-
dergoing NAs therapy.3,4 It has been reported that on-treatment 
decline of HBsAg level at 48 or 96 weeks may help predict HBeAg 
clearance or seroconversion in HBeAg-positive CHB patients 
treated with NAs.5,6 Besides, HBV DNA levels at month 6 and 12 
could predict serum HBeAg clearance in this population treated 
with Entecavir.7,8 However, the predictability of HBsAg in Lee's 
study9 and HBV DNA in Shin's study10 for HBeAg seroconversion 
was not observed in Fung's study11 in HBeAg-positive CHB pa-
tients treated with NAs.

Serum HBV RNA is the encapsidated HBV pregenomic RNA 
(pgRNA) inside the maturing core particles.12 It reflects the intra-
hepatic transcriptional activity of cccDNA and indicates changes of 

liver inflammation and fibrosis score in CHB patients receiving NAs 
therapy.13 Studies have shown that HBV RNA quantification is cor-
related with HBeAg clearance and seroconversion after long-term 
NAs treatment in CHB patients.14,15 Luo et al. reported that HBeAg 
seroconversion more likely occurred in CHB patients with HBV 
RNA levels below 4.12  log10 copies/mL before NAs treatment.15 
And patients who remained HBV RNA-positive after 48  weeks 
of NAs treatment had an increased risk of not achieving HBeAg 
clearance.14

Hepatitis B core-related antigen is also considered a novel serum 
marker for disease monitoring and prognosis of CHB.16 Compared to 
serum HBsAg and HBV DNA level, serum HBcrAg had a better cor-
relation with intrahepatic cccDNA.17 Evidence is accumulating that 
HBcrAg could predict the response to NAs therapy, off-treatment 
viral relapse, HBeAg seroconversion and the risk of development to 
HCC.18 Wang and colleagues revealed that the quantitative serum 
HBsAg and HBcrAg could predict the HBeAg seroconversion in 
HBeAg-positive patients treated with NAs.19

It has been reported that correlation between new markers 
(HBcrAg and HBV RNA) and HBeAg clearance or seroconversion 
is better than that of the traditional markers (HBsAg and HBV 
DNA).19,20 The following issues still require further studies to be 
clarified: First, head-to-head to compare the predictive value of 
serum viral markers including HBV DNA, HBV RNA, HBcrAg and 
HBsAg for HBeAg clearance and seroconversion during long-term 
treatment with NAs. Second, the correlation between early on-
treatment decline of new serum viral markers and HBeAg clearance 
or seroconversion after long-term NAs treatment need to be eluci-
dated. In this single centre, longitudinal study, we evaluated the pre-
dictive value of serum viral markers including HBV DNA, HBV RNA, 
HBcrAg, HBsAg, intrahepatic HBV DNA and liver tissue cccDNA for 
HBeAg clearance and seroconversion during long-term treatment 
with NAs in HBeAg-positive CHB patients.

The independent association with HBeAg clearance and seroconversion remained for 
HBV RNA levels at month 6 (<4.72 log10copies/mL, HR = 4.16, 95% CI: 1.61–10.72, 
p = .003; HR = 6.52, 95% CI: 1.85–22.94, p = .003) and month 12 (<4.08 log10 copies/
mL, HR = 3.68, 95% CI: 1.96–6.90, p < .001; HR = 2.79, 95% CI: 1.31–5.94, p = .008). 
The AUCs of baseline HBV RNA for predicting the HBeAg clearance (0.83, 95% CI: 
0.70–0.96, 0.83, 95% CI: 0.70–0.96 and 0.82, 95% CI: 0.69–0.95 respectively) and 
seroconversion (0.89, 95% CI: 0.77–1.00; 0.81, 95% CI: 0.66–0.95 and 0.84, 95% CI: 
0.71–0.98 respectively) at month 36, 60 and 84 were higher than those of HBV DNA, 
HBsAg and HBcrAg. In conclusion, lower serum HBV RNA at baseline, month 6 and 
12 post-NAs treatment could predict HBeAg clearance and seroconversion during 
long-term NAs treatment.

K E Y W O R D S
chronic hepatitis B, HBeAg clearance, HBeAg seroconversion, HBV RNA, nucleos(t)ide 
analogues
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2  |  MATERIAL AND METHODS

2.1  |  Patients and study design

This study has been conducted using the database of patients receiv-
ing NAs monotherapy, prospectively recruited from Beijing YouAn 
Hospital, Capital Medical University (Beijing, China) between June 
2007 and July 2008. Eligible patients were diagnosed with CHB ac-
cording to the AASLD,21 male or female patients aged ≥16 years. The 
exclusion criteria were as follows: (i) co‑infection with other viruses, 
including hepatitis C or D, Epstein–Barr, cytomegalovirus and human 
immunodeficiency, the existence of autoimmune liver disease or alco-
holic liver disease; (ii) with decompensated liver function (ascites, he-
patic encephalopathy or upper gastrointestinal bleeding); (iii) with any 
diseases of other major organs, such as severe heart disease or kidney 
disease; (iv) poor compliance; (v) history of a malignancy, including 
hepatocellular carcinoma, carcinoma in situ and atypical hyperplas-
tic nodules; (vi) with mental illness; (vii) had received corticosteroids, 
immunosuppressants or chemotherapeutic drugs ≤6 months prior to 
enrolment; and (viii) pregnant or breast‑feeding women.

Patients were followed up every three months in the first year 
of therapy, and every 6 months thereafter. At each follow-up, serum 
specimens were collected for liver function tests and HBV DNA 
quantification. Serum HBsAg, anti-HBs, HBeAg, anti-HBe and anti-
HBc were also determined. Remaining serum samples were stored 
at −80°C for subsequent research. At enrolment and 60 months on-
treatment, percutaneous liver biopsy was performed to evaluate the 
histological changes, which were scored according to the modified 
Knodell and Ishak scoring system.22

Hepatitis B e antigen clearance was defined as the cut-off index 
(COI) of HBeAg lower than 1. HBeAg seroconversion was defined as the 
COI of HBeAg lower than 1 and the COI of anti-HBe was greater than 1.

With the foregoing collected blood, we retrospectively quan-
tified HBsAg and HBcrAg levels at baseline, 6, 60 and 72 months, 
HBV RNA levels at baseline, 6, 12, 24, 36, 48, 60, 72 and 84 months, 
and intrahepatic HBV DNA and cccDNA levels at baseline and at 
60 months by a method previously reported.3,12,23

The study was conducted in compliance with the Declaration of 
Helsinki. Use of the research samples was approved by the Medical 
Ethics Review Committee of Beijing YouAn Hospital. All patients pro-
vided written informed consent authorizing us to access their medical 
records and to store the serum specimens for research purposes.

2.2  |  Assays for serological HBV markers, HBV 
DNA, HBV RNA and HBcrAg

Serum HBsAg, anti-HBs, HBeAg, anti-HBe and anti-HBc were 
determined on a Roche Cobas e601 analyser using an electro-
chemiluminescence immunoassay (Abbott Laboratories, Chicago, 
IL, USA). HBsAg was quantified using an Elecsys for HBsAg quan-
titation (Roche Diagnostics) with a lower limit of detection (LLD) 
of 0.05 IU/mL. The serum HBV DNA level was determined using 

the Cobas HBV Amplicor Monitor assay (Roche Diagnostics, 
Pleasanton, CA, USA), with a LLD of 50  IU/mL. Instead of using 
the dual targets described by Butler et al,24 we chose a target re-
gion closer to the 5′ end of pgRNA to avoid the potential adverse 
effect brought by splicing variants and the easily lost X region.12 
Briefly, HBV RNA was isolated with the nucleic acid extraction or 
purification kit (Sansure Biotech, Changsha, China) and treated 
with DNase I (Thermo Fisher Scientific, Waltham, MA, USA). The 
specially modified super-cis nano-magnetic beads efficiently ad-
sorbed and enriched nucleic acids from 200 µL serum. For DNase 
I treatment, every reaction mixture comprised 2  µL of DNase 
I Reaction Buffer (10×), 2  µL of DNase I (RNase-free) and 16  µL 
of total nucleic acids. The reaction was carried out at 37°C for 
30 min. Next, each mixture was incubated at 75°C for 10 min to 
inactivate DNase I. Finally, DNase-I-treated HBV RNA was one-
step of reverse-transcribed and real-time fluorescent quantita-
tive PCR using the HBV pgRNA high-sensitivity quantitative kit 
(Sansure Biotech, Changsha, China). Serum HBV RNA level was 
determined as described previously.3,12,23 The LLD of the assay 
was 200 copies/mL. Details for the HBV RNA assay can be found 
in Supplementary Materials. HBcrAg was determined using a 
chemiluminescent enzyme immunoassay in an automated analyser 
system (Lumipulse System, Fujirebio Inc., Tokyo, Japan). The LLD 
was 1000 U/mL with a linear range of 3–7 log10 U/mL.

2.3  |  Quantitation of intrahepatic HBV 
DNA and cccDNA

About 30 μm formalin fixed paraffin-embedded liver biopsy tissue 
in sections of 6 μm each was used for DNA extraction. The DNA 
was extracted using the QIAamp FFPE DNA Mini Kit (QIAGEN, 
GmbH, Hilden, Germany) according to the instructions of the 
manufacturer. T5 Exonuclease (New England Biolabs, USA) was 
used to digest HBV rcDNA, replicative dsDNA and ssDNA. The 
reaction mixture contained 100  ng extracted DNA, 0.5 µL (10 
units) T5 Exonuclease, 1 µL NEBuffer 4 (10×) with Nuclease-free 
H2O to a final volume of 10 μL. The digestion was carried out 
at 37 °C for 1 h, and stopped with EDTA to at least 11 mmol/L. 
We combined 6.42 μL of digestion product, which was obtained 
in the previous step, with 7.50 μL QuantStudio™ 3D Digital PCR 
Master Mix, 0.06 μL of TaqMan Probe-RC-MGB (50  μmol/L), 
0.06 μL TaqMan Probe-RNAseP-VIC (50 μmol/L), 0.24 μL primer 
of rc-F, 0.24  μL primer of rc-R, 0.24  μL primer of RNaseP-F and 
0.24 μL primer of RNaseP-R. This sample mix of 15 μL was added 
on each chip and loaded on a ProFlex™ 2× Flat PCR System with 
the following program: Absolute quantification was determined 
using the QuantStudio™ 3D Digital PCR System (Thermo Fisher 
Scientific Inc., Waltham, Massachusetts, USA) and analysed with 
QuantStudio 3D AnalysisSuite Cloud Software. (https://china.
apps.therm​ofish​er.com/quant​studi​o3d/). All intrahepatic HBV cc-
cDNA values were normalized to cell number assessed by RNase 
P copy number assay.

https://china.apps.thermofisher.com/quantstudio3d/
https://china.apps.thermofisher.com/quantstudio3d/
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2.4  |  Statistical analysis

Hepatitis B surface antigen, HBV DNA, HBV RNA, HBcrAg, intrahepatic 
HBV DNA and cccDNA expression were logarithmically transformed 
for analysis. Continuous variables were expressed as mean  ±  SD or 
median (range). Categorical data were expressed as counting and/or 
proportion. Continuous quantitative data were compared between 
groups using t test or Mann–Whitney U test, the comparison between 
before and after treatment was performed using Wilcox rank sum test. 
The comparison between the counting data sets was performed using 
a chi-square test or Fisher's exact probabilities. Cox regression analysis 
was used to determine relevant factors associated with HBeAg clear-
ance and seroconversion, using the moving forward LR method, with p 
values of entry and removal of  .05 and .10 respectively. Patients were 
divided into two specified groups based on median value of continu-
ous variables, in the aim to compare the accumulated HBeAg clearance 
and seroconversion rate of specified groups. Patients who were lost to 
follow-up before HBeAg clearance or seroconversion were considered 
as HBeAg non-clearance or non-seroconversion. The predictive capac-
ity of these serum biomarkers were assessed by time-dependent area 
under the curve analysis using the R packages ‘survival’, ‘survivalROC’ 

and ‘timeROC’. Comparisons between ROC curves were performed 
using DeLong's test. Based on cox multivariate regression analysis, com-
bination of HBsAg, HBV DNA, HBV RNA and HBcrAg was evaluated to 
predict HBeAg clearance and seroconversion. Data were analysed using 
the IBM SPSS 22.0 (SPSS Inc., Chicago, IL, USA) or R software version 
4.1.0 (R Foundation for Statistical Computing, Vienna, Austria). p < .05 
was considered statistically significant in a two-tailed test.

3  |  RESULTS

3.1  |  Patients

A total of 83 eligible HBeAg-positive CHB patients were enrolled. 
Of them, 36 were NAs-naive patients, 47 were Lamivudine-treated 
patients. Forty-six (55.42%) patients were treated with Entecavir 
0.5 mg once daily and the other 37 (44.58%) patients were treated 
with Adefovir dipivoxil 10  mg once daily. Sixty-eight (81.93%) pa-
tients were male. Average age was 36.42 ± 9.78 years. The median 
follow-up period was 108 months (range: 18–138 months). Thirty-
nine patients had available genotype data, with 74.36% (29/39) 

F I G U R E  1  Dynamic changes of serum HBV RNA and HBV DNA levels in all patients (A), HBeAg clearance or non-clearance patients (B) 
and HBeAg seroconversion or non-seroconversion patients (C)
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patients being genotype C. Fifty-nine patients had baseline liver 
biopsy; the median inflammation and fibrosis score were 7 (range: 2–
15) and 3 (range: 1–5) respectively. Detailed demographic and clini-
cal characteristics are shown in Table S1.

Percentages of patients followed up at each time point for 
HBeAg clearance and seroconversion are shown in Supplementary 
Materials and Figure S1.

3.2  |  The changes of HBV viral markers during 
long-term NAs therapy

As shown in Figures 1 and 2, baseline serum HBV DNA, HBV RNA, 
HBcrAg and HBsAg levels were 6.44 ± 1.95 log10 IU/mL, 5.38±1.71 log-

10copies/mL, 7.15 ± 1.12  log10 U/mL and 3.60 ± 1.04  log10  IU/mL 
respectively. After 72  months of NAs treatment, these levels de-
creased to 1.70  ±  0.00  log10  IU/mL, 2.62  ±  1.42  log10copies/mL, 
4.89  ±  1.02  log10  U/mL and 2.94  ±  1.18  log10  IU/mL respectively 
(all p  <  .05). Baseline serum intrahepatic HBV DNA and cccDNA 
levels were 6.37 ± 0.83  log10copies/105 cells and 4.74 ± 0.93  log-

10copies/105 cells respectively. At month 60, they were significantly 
decreased to 4.91 ± 0.50 log10copies/105 cells and 3.41 ± 0.60 log-

10copies/105 cells respectively (both p  <  .05). The levels of these 
markers were significantly decreased, regardless of the occurrence 
of HBeAg clearance or seroconversion (all p < .05).

3.3  |  Relevance of viral markers at baseline and 
during early on-treatment for HBeAg clearance or 
seroconversion

During follow-up, 63.86% (53 of 83) of patients achieved HBeAg 
clearance, the median HBeAg clearance time was 66  months (95% 
CI: 37.84–94.16), and 44.58% (37/83) achieved HBeAg seroconver-
sion, the median seroconversion time being 126  months (95% CI: 
92.16–159.84). Clinical characteristics of HBeAg clearance and non-
clearance patients are shown in Table S1. As shown in Figure 3, the 
cumulative HBeAg clearance rate increased gradually. Kaplan–Meier 
survival analysis showed that patients with lower baseline levels of 
HBV DNA (Figure 3A), HBsAg (Figure 3B), HBcrAg (Figure 3C) and 
HBV RNA (Figure  3D) had a higher accumulative HBeAg clearance 
rate than those with higher levels (all p < .05) Table 1. Patients with 
different levels of intrahepatic HBV DNA (Figure  3E) and cccDNA 
(Figure 3F) showed no statistical differences of accumulative HBeAg 
clearance rate (both p >  .05). Cox multivariate analysis showed that 
an HBV RNA <5.45  log10 copies/mL was independently associated 
with HBeAg clearance (HR = 5.06, 95% CI: 1.87–13.71, p = .001), with 
median HBeAg clearance time of 36 months (95% CI: 22.71–49.29). 
Moreover, the serum HBV RNA <4.72 log10 copies/mL at month 6 was 
independently associated with HBeAg clearance (HR = 4.16, 95% CI: 
1.61–10.72, p = .003), as well as the serum HBV RNA levels <4.08 log-

10copies/mL at month 12 (HR = 3.68, 95% CI 1.96–6.90, p < .001).

F I G U R E  2  Changes of HBcrAg (A), HBsAg (B), intrahepatic HBV DNA (C) and cccDNA (D) in HBeAg clearance, HBeAg non-clearance, 
HBeAg seroconversion and HBeAg non-conversion patients during follow-up
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Regarding HBeAg seroconversion, clinical characteristics 
of HBeAg seroconversion and non-seroconversion patients are 
shown in Table S2. The cumulative HBeAg seroconversion rate 
was gradually increased (Figure 4). Kaplan–Meier survival analysis 
showed that patients with lower baseline level of serum HBV DNA 
(Figure 4A), higher baseline level of HBsAg (Figure 4B), and lower 
baseline level of HBV RNA (Figure 4C) had a higher accumulative 
HBeAg seroconversion rate (all p  <  .05) Table  2, while patients 
with different levels of HBcrAg (Figure  4D), intrahepatic HBV 
DNA (Figure 4E) and cccDNA (Figure 4F) had no statistical differ-
ences in cumulative HBeAg seroconversion rate (all p > .05). Cox 
multivariate analysis showed that baseline HBV RNA <5.45  log-

10copies/mL was independently associated with HBeAg sero-
conversion (HR = 3.38, 95% CI: 1.28–8.91, p =  .01), with median 
HBeAg seroconversion time of 66 months (95% CI: 28.78–103.21). 
Interestingly, the results revealed that in addition to the baseline, 
serum HBV RNA <4.72  log10 copies/mL at month 6 (HR  =  6.52, 
95% CI: 1.85–22.94, p = .003) and <4.08 log10 copies/mL at month 
12 (HR = 2.79, 95% CI 1.31–5.94, p =  .008) remained to be inde-
pendently associated with HBeAg seroconversion.

The decline of HBV RNA during the first 6 months of treatment 
was significantly higher in HBeAg clearance patients than that in 
non-clearance patients; however, this value was comparable be-
tween HBeAg seroconversion and non-seroconversion (all p > .05). 
The declines of HBV RNA after 12 months treatment were not sig-
nificantly different between HBeAg clearance/seroconversion and 
non-clearance/non-seroconversion (all p  >  .05) (Supplementary 
Materials and Table S3).

3.4  |  Predicting potentials of baseline and early 
on-treatment viral markers quantification for HBeAg 
clearance and seroconversion

The timeAUC of baseline HBV RNA for predicting HBeAg clearance 
at month 36, 60 and 84 were 0.83 (95% CI: 0.70–0.96), 0.83 (95% CI: 
0.70–0.96) and 0.82 (95% CI: 0.69–0.95), respectively, higher than 
those of HBsAg, HBV DNA and HBcrAg at the corresponding time 
points. The difference between timeAUCs of these indicators and 
HBV RNA was not significant (all p  >  .05). Similarly, timeAUCs of 

F I G U R E  3  Kaplan–Meier survival 
analysis of the cumulative HBeAg 
clearance rate in different groups 
determined by HBV DNA (A), HBsAg (B), 
HBcrAg (C), HBV RNA (D), intrahepatic 
HBV DNA (E) and cccDNA (F) levels
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baseline HBV RNA for predicting HBeAg seroconversion at month 
36, 60 and 84 were 0.89 (95% CI: 0.77–1.00), 0.81 (95% CI: 0.66–
0.95) and 0.84 (95% CI: 0.71–0.98), respectively, higher than those 

of HBsAg, HBV DNA and HBcrAg. Again, the difference between 
timeAUCs of these indicators and HBV RNA was not significant (all 
p > .05) (Table 3).

TA B L E  1  Cox regression analysis of clinical variables related to HBeAg clearance

Variables

Univariate analysis

HR (95% CI) p Value†

Baseline characteristics

Age, years <35 0.62 (0.36–1.08) .088

Sex, Male 0.71 (0.37–1.40) .323

NAs, ETV 0.69 (0.40–1.18) .174

NAs naive 1.07 (0.62–1.84) .816

BMI Kg/m2 <24 1.02 (0.60–1.76) .937

HBV genotype† genotype C 1.93 (0.45–8.38) .379

ALT, U/L, <80 0.75 (0.43–1.30) .304

AST, U/L, <80 0.60 (0.32–1.13) .111

AST/ALT ratio, <1 0.77 (0.41–1.41) .391

TBIL, μmol/L, <20 0.63 (0.34–1.16) .141

ALP, U/L, <88 0.77 (0.45–1.34) .357

HBsAg (log10 IU/mL) ≤3.77 5.24 (2.06–13.30) .001

HBV DNA (log10 IU/mL) <6.79 2.51 (1.43–4.43) .001

HBV RNA (log10 copies/mL) <5.45 3.42 (1.83–6.42) <.001

HBcrAg (log10 U/mL) <7.33 3.49 (1.49–8.16) .004

Intrahepatic HBV DNA (log10copies/105 cell), <6.60 1.70 (0.83–3.46) .144

cccDNA (log10copies/105 cell), <4.9 1.22 (0.61–2.46) .574

Inflammation scores‡ ≤7 0.33 (0.16–0.68) .003

Fibrosis scores‡ ≤3 0.36 (0.18–0.72) .004

At 6-month time point

HBsAg (log10 IU/mL) ≤3.65 2.82 (1.21–6.57) .017

HBV DNA (log10 IU/mL) <2.90 2.67 (1.51–4.74) .001

HBV RNA (log10 copies/mL) <4.72 4.05 (2.13–7.70) <.001

HBcrAg (log10 IU/mL) <6.64 5.43 (2.03–14.56) .001

Decrease after 6 months treatment

HBsAg (log10 IU/mL) ≤0.02 1.81 (0.83–3.93) .133

HBV DNA (log10 IU/mL) <3.50 1.24 (0.72–2.15) .434

HBV RNA (log10 copies/mL) ≤0.56 0.46 (0.25–0.85) .013

HBcrAg (log10 IU/mL) ≤0.23 0.91 (0.42–1.97) .812

At 12-month time point

HBV DNA (log10 IU/mL) <2.07 2.64 (1.43–4.87) .002

HBV RNA (log10 copies/mL) <4.08 3.17 (1.65–6.09) .001

Decrease after 12 months treatment

HBV DNA (log10 IU/mL) <3.92 1.17 (0.68–2.03) .564

HBV RNA (log10 copies/mL) <0.63 0.66 (0.36–1.20) .172

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; cccDNA, 
covalently closed circular DNA; ETV, Entecavir; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface 
antigen; HBV RNA, hepatitis B virus ribonucleic acid; HBV, hepatitis B virus; TBIL, total bilirubin.
† Thirty-nine patients with available genotype data were analysed.
‡ Fifty-nine patients with available liver biopsy data were analysed. Hepatic inflammation grade and fibrosis stage were diagnosed according to the 
modified Knodell and Ishak scoring system respectively.
p < .05 were marked as bold values.
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The timeAUC of HBV RNA at month 6 and 12 for predicting 
HBeAg clearance and seroconversion at month 36, 60 and 84 are 
shown in Tables S4 and S5.

4  |  DISCUSSION

To our knowledge, the present study was the first head-to-head com-
parison of these serum markers quantitation in predicting HBeAg 
clearance and seroconversion. The results showed that only serum 
HBV RNA levels were independently and negatively associated with 
HBeAg clearance and seroconversion at baseline, at month 6 and 12 
respectively. Besides, the AUC of HBV RNA levels for HBeAg clear-
ance and seroconversion was the highest at baseline among these 
viral markers.

According to our results, HBeAg clearance patients had signifi-
cantly lower baseline HBsAg, HBV DNA, HBV RNA and HBcrAg than 
those in non-clearance patients. However, HBeAg seroconversion 
patients did not show significant lower baseline HBsAg and HBcrAg 
than those with non-seroconversion. The results of HBsAg in pa-
tients with HBeAg seroconversion seem consistent with previous 

studies that patients with HBeAg seroconversion have lower base-
line HBsAg than patients without seroconversion.9,11,20 We also no-
ticed that patients with higher levels of baseline HBsAg had a higher 
cumulative HBeAg seroconversion rate. This discrepancy maybe due 
to the relative small sample size of patients. Our results of HBcrAg 
was in line with Wang's study that HBcrAg baseline level of patients 
who achieved HBeAg seroconversion was not significantly lower 
than patients with non-seroconversion.19

The predictive performance of HBV RNA for HBeAg clearance 
and seroconversion was better than that of HBsAg, HBV DNA 
or HBcrAg in our study. The underlying mechanism may be as fol-
lows; firstly, HBsAg is produced both from cccDNA and HBV DNA 
integrated into the host genome,2 negatively affecting the predic-
tion for HBeAg clearance and seroconversion. Secondly, circulating 
HBV DNA declined rapidly after NAs treatment. This characteristic 
restricted its use for the prediction of HBeAg clearance and sero-
conversion after long-term NAs treatment. Thirdly, due to LAM 
treatment, the proportion of drug-resistant mutants and viral qua-
sispecies were not detected, especially the precore/core sequences, 
which may influence HBeAg seroconversion as reported previously25 
and may affect the predictive performance of HBcrAg for HBeAg 

F I G U R E  4  Kaplan–Meier survival 
analysis of the cumulative HBeAg 
seroconversion rate in different groups 
determined by HBV DNA (A), HBsAg (B), 
HBV RNA (C), HBcrAg (D), intrahepatic 
HBV DNA (E) and cccDNA (F) levels
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clearance and seroconversion. Last but not least, anti-HBe antibod-
ies are cross-reactive with HBcAg due to the amino acid sequence 
homology,26 and p22cr (also detected as a part of HBcrAg) was found 
in ‘empty’ HBV DNA-negative Dane particles.27 These factors may 

result in high interference against accurate measurement of the level 
of HBcrAg. All these factors may hinder the use of these markers for 
predicting HBeAg clearance and seroconversion. However, further 
research is needed to clarify the underlying mechanism.

TA B L E  2  Cox regression analysis of clinical variables related to HBeAg seroconversion

Variables

Univariate analysis

HR (95% CI) p Value†

Baseline characteristics

Age, years <35 0.73 (0.38–1.40) .340

Sex, Male 0.56 (0.26–1.20) .136

NAs, ETV 0.70 (0.36–1.33) .272

NAs naive 0.89 (0.47–1.71) .733

BMI Kg/m2 <24 0.68 (0.36–1.31) .254

HBV genotype† genotype C 0.98 (0.22–4.38) .974

ALT, U/L, <80 0.85 (0.44–1.65) .633

AST, U/L, <80 0.65 (0.31–1.38) .261

AST/ALT ratio, <1 0.78 (0.38–1.61) .497

TBIL, μmol/L, <20 0.65 (0.32–1.35) .251

ALP, U/L, <88 1.12 (0.59–2.16) .726

HBsAg (log10 IU/mL) ≤3.77 2.68 (1.05–6.85) .039

HBV DNA (log10 IU/mL) <6.79 2.31 (1.17–4.55) .016

HBV RNA (log10 copies/mL) <5.45 2.62 (1.25–5.47) .010

HBcrAg (log10 U/mL) <7.33 2.18 (0.84–5.65) .110

Intrahepatic HBV DNA (log10copies/105 cell), <6.60 1.31 (0.59–2.92) .514

cccDNA (log10copies/105 cell), <4.9 1.67 (0.74–3.76) .220

Inflammation scores‡ ≤7 0.40 (0.18–0.90) .026

Fibrosis scores‡ ≤3 0.32 (0.14–0.73) .007

At 6-month time point

HBsAg(log10 IU/mL) ≤3.65 1.63 (0.66–4.01) .287

HBV DNA (log10 IU/mL) <2.90 2.13 (1.08–4.22) .029

HBV RNA (log10 copies/mL) <4.72 3.69 (1.70–8.02) .001

HBcrAg (log10 IU/mL) <6.64 4.81 (1.39–16.68) .013

Decrease after 6 months treatment

HBsAg (log10 IU/mL) ≤0.02 1.43 (0.59–3.47) .426

HBV DNA (log10 IU/mL) <3.50 1.24 (0.64–2.39) .519

HBV RNA (log10 copies/mL) ≤0.56 0.54 (0.26–1.12) .097

HBcrAg (log10 IU/mL) ≤0.23 0.56 (0.52–3.38) .556

At 12-month time point

HBV DNA (log10 IU/mL) <2.07 2.06 (1.05–4.08) .037

HBV RNA (log10 copies/mL) <4.08 2.79 (1.31–5.94) .008

Decrease after 12 months treatment

HBV DNA (log10 IU/mL) <3.92 1.19 (0.62–2.29) .609

HBV RNA (log10 copies/mL) <0.63 0.70 (0.34–1.45) .332

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; cccDNA, 
covalently closed circular DNA; ETV, Entecavir; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface 
antigen; HBV RNA, hepatitis B virus ribonucleic acid; HBV, hepatitis B virus; TBIL, total bilirubin.
† Thirty-nine patients with available genotype data were analysed.
‡ Fifty-nine patients with available liver biopsy data were analysed. Hepatic inflammation grade and fibrosis stage were diagnosed according to the 
modified Knodell and Ishak scoring system respectively.
p< .05 were marked as bold values.
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Rapid decrease of HBV RNA in the early stages of NAs treat-
ment are likely associated with HBeAg clearance and seroconver-
sion.20 Whether or not the differences were significant, our results 
showed that patients who achieved HBeAg clearance or serocon-
version have higher HBV RNA decline after 6 or 12 months treat-
ment than those with non-clearance or non-seroconversion, which 
seems consistent with Wang's study.20 Moreover, we also found that 
the timeAUCs of combination models based on HBV RNA, HBsAg, 
HBV DNA or HBcrAg did not increase significance compared with 
HBV RNA alone. However, in a previous study,19 a combination of 

HBsAg and HBcrAg had the greatest predictive value for HBeAg 
seroconversion, with an AUC of 0.769 at month 6, 0.807 at month 
12. The discrepancy maybe due to differences in the combination of 
variables, the genotype make-up of patients, and HBV RNA which 
were not included in that study. Thirdly, from the viewpoint of HBV 
RNA, although the differences were not significant, the timeAUCs 
tended to numerically increase from baseline to month 6 for the 
prediction of HBeAg clearance and seroconversion, which was still 
consistent with Wang's study.20 Due to the deficiency of HBsAg and 
HBcrAg quantification at month 12, whether the predictive value of 

Indicators

Predict 
time 
point AUC (95% CI)

Cut-off 
value Se Sp PPV NPV

HBeAg clearance

HBsAg 36 m 0.77 (0.62–0.92) 3.99 1.00 0.54 0.56 1.00

60 m 0.74 (0.58–0.91) 3.99 0.94 0.55 0.60 0.92

84 m 0.81 (0.65–0.98) 3.99 0.95 0.63 0.75 0.91

HBV DNA 36 m 0.71 (0.54–0.79) 7.50 0.93 0.58 0.57 0.93

60 m 0.66 (0.60–0.83) 7.50 0.88 0.55 0.58 0.86

84 m 0.67 (0.60–0.84) 7.50 0.80 0.56 0.69 0.70

HBV RNA 36 m 0.83 (0.70–0.96) 5.43 0.86 0.63 0.57 0.88

60 m 0.83 (0.70–0.96) 3.59 0.50 0.95 0.89 0.72

84 m 0.82 (0.69–0.95) 5.47 0.80 0.63 0.72 0.72

HBcrAg 36 m 0.82 (0.67–0.96) 7.09 0.80 0.72 0.60 0.88

60 m 0.78 (0.62–0.95) 6.39 0.53 0.93 0.82 0.76

84 m 0.78 (0.63–0.93) 6.39 0.52 1.00 1.00 0.67

Combination 36 m 0.85 (0.73–0.97) 1.69 0.64 0.88 0.75 0.81

60 m 0.83 (0.69–0.97) 1.69 0.63 0.91 0.83 0.77

84 m 0.82 (0.68–0.96) 1.69 0.60 0.94 0.92 0.66

HBeAg seroconversion

HBsAg 36 m 0.77 (0.61–0.93) 3.99 1.00 0.43 0.29 1.00

60 m 0.78 (0.63–0.93) 3.59 0.82 0.71 0.52 0.91

84 m 0.75 (0.57–0.92) 3.99 1.00 0.53 0.55 1.00

HBV DNA 36 m 0.72 (0.54–0.90) 7.50 1.00 0.50 0.31 1.00

60 m 0.70 (0.53–0.88) 7.50 0.91 0.50 0.42 0.93

84 m 0.75 (0.59–0.92) 7.50 0.93 0.53 0.53 0.92

HBV RNA 36 m 0.89 (0.77–1.00) 4.70 0.86 0.73 0.43 0.96

60 m 0.81 (0.66–0.95) 5.43 0.91 0.58 0.46 0.94

84 m 0.84 (0.71–0.98) 5.47 0.93 0.58 0.56 0.93

HBcrAg 36 m 0.80 (0.57–1.02) 7.09 0.86 0.63 0.35 0.95

60 m 0.74 (0.55–0.92) 5.69 0.45 0.92 0.68 0.81

84 m 0.78 (0.61–0.94) 6.00 0.55 0.89 0.75 0.78

Combination 36 m 0.86 (0.74–0.99) 1.17 0.86 0.70 0.40 0.95

60 m 0.79 (0.64–0.94) 1.09 0.82 0.71 0.52 0.91

84 m 0.84 (0.70–0.98) 0.82 0.93 0.63 0.59 0.94

Abbreviations: AUC, area under curve; CI, confidence interval; HBcrAg, hepatitis B core-related 
antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV RNA, hepatitis 
B virus ribonucleic acid; HBV, hepatitis B virus; m, months; NPV, negative predictive value; 
PPV, positive predictive value; ROC, receiver operating characteristic curve; Se, sensitivity; Sp, 
specificity.

TA B L E  3  Time-dependent area under 
the curve analysis of baseline indicators 
for HBeAg clearance and seroconversion 
at month 36, 60 and 84
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serum HBV RNA is still numerically higher than HBsAg and HBcrAg 
at month 12 for the prediction of HBeAg clearance and seroconver-
sion warrants additional study.

Our study has limitations. Firstly, the research is a retrospective, 
single centre study with relatively small sample size; and the gen-
otype of most patients was B or C. Thus, the results of this study 
should be carefully extrapolated to patients with genotype A and D 
and with non-Chinese ethnicity. Secondly, the increased number of 
lost to follow-up patients after 96 months might underestimate the 
cumulative HBeAg clearance or seroconversion rate. Future studies 
with larger sample size and a prospective design are needed to con-
firm our conclusion.

In conclusion, lower serum HBV RNA at baseline and early on-
treatment predict HBeAg clearance and seroconversion during 
long-term NAs treatment. This result deepens our knowledge 
and understanding of clinical significance of HBV RNA in HBeAg-
positive patients receiving long-term NAs treatment.
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